This study attempted to assess cattle management and marketing practices in Afar region. 178 household heads were selected and interviewed from three major cattle producing districts, Aysaita, Chifra and Amibara. With an overall average cattle holding of 17.4 heads per household, cattle were kept by 95.5% of the herd owners mainly for milk production. Livestock sale, land rent and crop sale were the first, second and third major income sources for cattle owners of the study area, with index values of 0.455, 0.287 and 0.209, respectively. The major feed resource for livestock in the study area was natural pasture grazing (97.8%). 72.1% of the respondents used rivers as the main water sources for their cattle. 68.7% of the cattle owners sold male cattle at younger age; and 61.5% of them sold female cattle at older age. Most (70.4%) of the producers responded that middlemen were the major buyers of their cattle in the study districts. Feed shortage, diseases and drought were ranked as first, second and third major cattle production constraints, with an index value of 0.418, 0.193 and 0.178, respectively. 40.8% of the respondents stated dry season as the main season of feed shortage. The major prevalent diseases in the three districts were lumpy skin disease, sudden death and pneumonia that ranked first, second and third, with an index value of 0.323, 0.173 and 0.118, respectively. Cattle breeds and market availability can be considered as important opportunities of cattle production in the region though limiting constraints like feed shortage, diseases and drought are possible challenges.
INTRODUCTION
Livestock production is an integral part of the Ethiopian agricultural sector. The sub-sector contributes an estimated 12% to total gross domestic product (GDP) and over 45% to agricultural GDP (Ministry of Agriculture (MoA), 2010). On average, the pastoral livestock population accounts for an estimated 40% of the total livestock population of the country. Livestock play a significant role, directly or indirectly, in achieving food self-sufficiency in the country. Apart from its direct provision of food, it also provides draught power and *Corresponding author. E-mail: pteshome@yahoo.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License income to farming communities, as well as means of investment and important source of foreign exchange earning to the nation (Ayele et al., 2003) . Of the total household cash income from crop and livestock, livestock account for 37 to 87% in different parts of the country; and the higher the cash income, the higher is the share of livestock, indicating that increased cash income comes primarily from livestock (Ayele et al., 2003) . According to Temesgen et al. (2015) , the livestock sector in Ethiopia plays a vital role in the overall development of the country"s economy. Yet, the existing income generating capacity of livestock as compared to its immense potentials in the country is not encouraging.
In Ethiopia, according to Community-supported agriculture (CSA) (2003) , 99.4% of the total cattle populations in the country are local breeds and the remaining are hybrids and exotic breeds that accounted for about 0.5 and 0.1%, respectively. Indigenous cattle are preferred to exotic/introduced ones for their robust environmental adaptive capacity. Subsistence smallholders select particularly female breeding animals for a range of desirable attributes, but some of these attributes are related to behavior and body conformation of the animals, which are not directly related to production functions (Bondoc et al., 1989; Dereje, 2005) .
New Partnership for Africa's DevelopmentComprehensive Africa Agriculture Development Programme (NEPAD-CAADP) (2005) indicated that the lowlands in Ethiopia cover about 60% of the country"s land area and are situated below 1500 m.a.s.l. The lowlands are situated in the Eastern, Southern, and Western part of the Central highlands (Afar, Somali, Borena, South Omo, some part of Gambela and Benishangul). According to the same source, the sector is characterized as pastoral and agro-pastoral production systems, where about 20% of cattle, 25% of sheep and 75% of goats of the total national livestock population are found. Ethiopia"s lowland breeds of cattle, sheep, goats and camels are highly demanded by neighboring countries as well as the strategic livestock markets of the Middle East (Addis and Dida, 2015; Belachew and Jemberu, 2003) . According to the same authors, the relatively huge number of livestock resources, proximity to the export markets, conducive investment policies, the liberalization of the economy, the supports and attentions given by the government to export trade gives the country comparative advantages in livestock trade.
Afar region is one of the four major pastoral regions in Ethiopia, located in north eastern part of the country. The region is divided into five administrative zones, which are further subdivided into 29 districts. The region is predominantly pastoral area, with 90% of the inhabitants depending on subsistence livestock production. Livestock production in the region depends on rainfed natural pasture whose productivity is declining as a result of recurrent drought, land degradation, encroachment of agriculture, conflict and invasion of weeds. The feed produced following the main rain season will lasts only two to three months and pastoralists are forced to migrate early (Joanne et al., 2005) .
On the other hand some indicators justifies the potential of the region for livestock production; diversified genetic resources of animals adaptable to the harsh environmental condition, high interest of people towards livestock production, vast areas of rangelands and proximity of the area to export routes. However, there is limited information and understanding about cattle management and marketing practices of the region. In order to take advantage of the potential of the region for livestock production, and enhance the attempt in the improvement of beef and/or milk production, there should be clear and sufficient base line information about cattle production as well as underlying socio-economic characteristics of the region. Therefore, this study was conducted with the following objectives:
-To assess socio-economic characteristics of cattle producers in Afar region.
-To study existing cattle management and cattle marketing practices in the region. -To identify major opportunities and challenges of cattle production in the region.
MATERIALS AND METHODS

Description of the study area
Afar is one of the nine regional states situated in the north-eastern part of Ethiopia. The altitude of the region ranges from 1500 m.a.s.l. in the western highlands to -120 m.a.s.l in the Danakil/Dallol depression. It has an estimated population of 1.2 million, of which, 90% are pastoralists (56% male and 44% female) and 10% are agro-pastoralists. The livestock population is estimated to be about 4 million (Joanne et al., 2005) . The region is characterized by arid and semi-arid climate with low and erratic rainfall. Temperatures vary from 20°C in higher elevations to 48°C in lower elevations. Rainfall is bi-modal throughout the region with a mean annual rainfall below 500 mm in the semi-arid western escarpments decreasing to 150 mm in the arid zones to the east (Joanne et al., 2005) . Afar is increasingly drought prone. The region receives three rainy seasons. The main rain, karma accounts for 60% of annual rainfall and is from mid-June to mid-September. This is followed by rainy showers in mid-December called dadaa and a minor rainy season during March-April called sugum.
Methods of sampling and data collection
Both primary and secondary data were collected. Based on cattle resources and accessibility, three major cattle producing districts as well as three representative peasant associations (PA"s) were purposively selected. Information about the socio economic characteristics of the area as well as cattle management and marketing practices were collected from individual interviews and focused group discussions. A total of 178 households were interviewed by using semi-structured questionnaires. Social and resource mapping of the study districts, personal observations at the time of visits and pre-testing of questionnaire were also conducted before actual data collection. 
Data analysis
Data collected were analyzed using SPSS (SPSS, 2007) . One way analysis of variance was carried out to test statistical variations among selected class variables (Districts, Sexes, Production systems). For class variables, means were separated using the Duncan multiple range test (DMRT). Indices were calculated for parameters that required ranking, which includes major feed type, major constraints in cattle production, and economically important cattle disease in the different districts. The indices were calculated with the following formula: Index = Sum of (3 × number of household ranked first + 2 × number of household ranked second + 1 × number of household ranked third) given for an individual reason, criteria or preference divided by the sum of (3 × number of household ranked first + 2 × number of household ranked second + 1 × number of household ranked third) for overall reasons, criteria or preferences (Mula et al., 2006) .
RESULTS AND DISCUSSION
Socio-economic characteristics of the study area
Household characteristics
The overall average age of the household heads was 39 years old, and ranged from 18 to 80 years (Table 1) . This age was lower than 46.2 years old reported for cattle producers in North Gondar (Azage, 2009 ) and that of 44.3 years old reported for Fogera district (Belete, 2006) . This result shows that young household heads are more common in lowland areas than the case in the highlands. As common to most pastoral areas in the country, the total number of persons in a household was big in the current study area. The average number of males and females in a household differed from district to district, though the male to female ratio was nearly equal. This study also revealed that the level of literacy was generally low in the area. The overall average number of illiterate male and female was 1.24 and 1.97 person per household, respectively.
Income sources of households
The list of major income sources in the study districts are presented in Table 2 . Accordingly, livestock sale took the first rank while land rent and crop sale were the second and third major income sources, respectively. Employment and trade were other income sources of the households though to a smaller extent. The index value for crop sale which was 0.209 shows that there are pastoralists/agro-pastoralists that also produce crop but it does not indicate the amount of its economical contribution to the household to call them "agro-pastoral" boldly. Daniel (2008) reported that the major (49.3%) sources of income for pastoral households in Borena are livestock and crop production.
Land and livestock holding
The average land holding in the three districts was 2.07 ha per household (Table 3 ). The current result is smaller than the average land holding of 5.28 ha per household in Metema district (Tesfaye, 2008) . This could be due to communal (clan or sub clan based) ownership of most of the grazing and browsing lands of each district. The overall average cattle holding per household heads was 17.35 heads (Table 3 ). This value was much greater (p<0.05) than the 8.7 heads per household reported for the North Gondar area (Azage, 2009 ) and 8.01 heads per household reported for the Mekelle area (Nigussie, 
Livestock and crop production systems
In the present study, it was observed that both production systems existed in the districts. However, the extent of involvement of respondents in these two systems is variable among the districts. As presented in Figure 1 , overall, 53% of the respondents were engaged in livestock production, while the remaining 47% were engaged in both livestock and crop production. There was no data in this study that indicate the magnitude of the economic contribution of these two productions to the household. As a result, it is difficult to judge that the 46.6% respondents that produce both livestock and crop are engaged in agro pastoral production system. A study by Mohammed and Abule (2015) indicated that crop production was practiced by agro-pastoralists in upper altitudes of Chifra district, using irrigation water. As prioritized by the respondents, maize, tomato and onion were the first, second and third major crops grown in the study districts. It was also noted that sesame, sorghum and cotton are also other crops grown in these districts, as mentioned by few of the respondents in the current study area.
Cattle management practices in the study area
Purpose of rearing cattle
The majority (95%) of the respondents reared cattle to produce milk for household consumption (Figure 2) . However, very few of them mentioned "market sale" (2.3% of the cases) and "social security" (2.2% of the cases) as their major reason for cattle rearing.
Family labour for cattle production
In all the study districts, it was found that most of the field works were taken by the husband and boys, while the homestead works were left for wives and girls. As reported by 87.7% of the respondents, responsibility of selling and purchasing of cattle were handled by the Proportion (%) Figure 1 . Proportion (%) of respondents to the main production systems they practice in the study area Proportion Figure 2 . Proportion of respondents to major reason for cattle rearing in the study districts.
husband. Most of them (79.9%) also agreed that herding could be carried out by both husband and boys. On the other hand, activities such as cattle barn cleaning, taking care of calves, milking (except camels), milk processing and marketing were handled by wives and girls. According to CSA (2003) , family workers constitute the highest proportion (56%) of the population in agricultural households who were engaged in agricultural activities at country level. In addition, about 38% of the working population was personal account workers working in their farms alone or with the help of family members, but without hiring labor.
Cattle feeding and housing practices
The major feed resource for cattle in the study areas was contributed by natural pasture. Almost all (97.8%) of the respondents indicated that they allowed their cattle to continuously graze on communal pasturelands, though the availability and quality of feed greatly varied from season to season. In Assayita district, very few respondents began cultivation of improved forages in their backyards and thus attempted "cut and carry" feeding practices (Table 4 ). This study also revealed that many of the respondents (67.6%) constructed barn for their cattle and other livestock, while the remaining (32.4%) of them gathered their animals in their homestead without fence (Table 4 ). This could be due to the practice of keeping large herds together, though each herd belonged to distinct households.
Drinking water sources
In the study districts, rivers, springs, tap water, ponds and Multiple responses: rivers, springs, tap water, ponds and wells; --= not available.
wells were mentioned as important water sources of the study areas (Table 5) . Most (72.1%) of the respondents mentioned rivers as the major sources of water for their animals, but other water sources were not sufficiently available throughout the year. When rivers dry up and critical water shortage occur, especially during dry season, few cattle producers use tap water and wells, while most others are forced to go too far watering areas as a coping strategy. However, these strategies were not consistent among the respondents of the three districts. This indicates a lack of commonly agreed utilization practices of water resources in the region (Table 5) . According to Coppock (1994) , the Borana mostly use ponds during the rainy season and wells during the dry season to avail water for human and livestock.
Cattle breeding techniques
Two types of mating systems, referred as controlled and uncontrolled natural mating systems, were practiced in the study districts. Accordingly, most of the herders (60.9%) used uncontrolled natural mating system while the rest (39.1%) used natural controlled mating system (Table 6 ). Even though the proportion of respondents to the type of matting system they use for cattle breeding was variable among districts (Table 6) , it is imperative to note that the natural controlled matting system is also recognized in the study areas. It is also clear that the degree of applicability of this system is prone to several factors including the commitment of herders, herd size and availability of desired bull. Traditionally, pastoralists cull inferior bulls and less productive cows regardless of the mating system they followed in cattle breeding. Most of the producers (59.3%) used their own bull for breeding purpose, some (17.3%) of them used neighbors" bull and the rest (23.5%) relied on any of the alternatives (their own, neighbors" and/or communal bulls). This could be also one of the reasons why both matting systems prevailed in the study districts. The breeding season of cattle was also assessed in the three study districts. About 37 and 27% of the respondents revealed that calving usually took place during kerema (main rainy season) and sugume (short rainy season), respectively. However, 17% of the respondents mentioned that calving could occur during gilal (dry season). This could be due to the difference in management of cattle (especially feeding and 
The reproductive performance of Afar cattle
Under normal condition, calves reach the age of first sexual maturity at about 3.5 years, and the average reproductive lifetime of cows mentioned was 12.7 years ( Table 7) . Some of the reproductive traits of cattle in Aysaita district varied from that of Chifra and Amibara. This could be due to better feed and management conditions in Aysaita. Cattle in this district might be also from a different ecotype, as they appeared visually different from the rest in the region. Similarly, ecotype variation of cattle breeds was reported in South Africa (Sanarana et al., 2015) .
Cattle marketing practices in Afar region
Live cattle marketing
During focus group discussion, several market places were mentioned as possible destinations for cattle marketing by the respondents. The prominent were Dulecha, Awash, Werer, Chifra and Aysaita town markets. On the contrary, it was noted in this study that cattle were marketed by most (96.6%) of the respondents for several reasons. The possible reasons mentioned by them were to earn additional income, to replace old stock, to buy school materials for their children and/or to cover medication costs. They also discussed that cattle marketing was preferred at the closest market places for each district. Unfortunately, market places were farther than 20 km from settlement areas of pastoralists of Amibara and Chifra districts that favored middlemen to be the dominant actors of the market due to their capacity to easily access vehicles for transportation to settlement areas as well as market places. Cattle could be sold at different ages and sexes in all of the study districts (Table 8) . However, the majority (68.7%) of cattle owners preferred selling male cattle at younger age, while the remaining preferred selling their male cattle at different age. Most (61.5%) of them also preferred selling female cattle at old age. In both cases, the remaining respondents justified the reasons why male or female cattle could be sold at different age. They mentioned that health conditions, feed availability, production history of the cattle and immediate cash --= The proportion is zero; M= male cattle; F= female cattle.
requirement by the producer were the possible reasons in this regard.
Dairy products marketing
Selling of milk and milk products is practiced by most (70.9%) of the respondents for similar reasons as that of the reasons for selling live cattle. On the other hand, few (29.1%) of them insisted that cattle products are meant for household consumption only, unless surplus production is obtained. During periods of surplus milk production, many (64%) of the respondents sell butter than milk and other milk products.
Opportunities and challenges of cattle production in Afar region
The opportunities and challenges of cattle production in the region are extracted and discussed here based on the results discussed and other supportive literatures. This implies that specific data were not collected for examining the opportunities and challenges of cattle production in the study area due to the dynamic and complex nature of pastoral production system. Thus, this study addresses only the most common and agreeable issues that were mentioned, discussed and/or observed by cattle producers, important stakeholders and researchers during the study period.
Opportunities of cattle production in the region
Availability of resources for production: It is clear that land, labour and capital are the major resources required for the production of most agricultural commodities. As discussed earlier, landholdings are generally higher in pastoral areas. Likewise, the three study districts have large area of grazing lands and many browsing plants, which has supported extensive cattle production to date. Availability of rivers and extensive irrigable lands are also added opportunities in the area. In this regard, intensive beef or dairy production can be envisaged in Amibara and Aysaita districts. Pastoralism is the major production system in the region, where native inhabitants have long years of experiences in livestock production; and most members of a household are directly or indirectly involved in livestock activities. The region is advantageous in exploiting inter regional labour flow due to its geographical position in the country. As a policy strategy in the improvement of national economy, the government has created possibilities of obtaining loans and credits at different investment scales.
Afar cattle breeds as genetic source for livestock production in the region: Cattle herd sizes are generally large in pastoral areas (Asfaw et al., 2011) . Similarly, larger livestock holdings per households were recorded in the study districts as compared to some areas in the country (Table 3) . Traditionally, Afar pastoralists cull inferior animals and try to maintain the good ones. In most pastoral areas of the country, cattle are primarily reared for milk production (International Livestock Research Institute (ILRI), 2010), and similar practice was understood in this study. This may serve as genetic reserve of the breed in the region.
Market opportunity due to increased demand for beef consumption: Livestock has been continuously marketed between different regions of the country (Asfaw et al., 2011) due to the increased demand for meat consumption. Increasing trend of cattle off-take was recognized by pastoralists of the study area through intra and inter-regional market outlets. Increased demand for beef in the Middle East countries was reported by Daniel (2008) , which can be considered as added opportunity.
Recent pastoral resettlement program: It was observed during the survey work that pastoralists began to settle and produce crops besides livestock production. This could be taken as an opportunity for the establishment of intensive livestock production for increased milk or meat production in these areas. 
Challenges of cattle production in the region
Drought and critical periods of feed shortage: As reported by Joanne (2005) , drought has been recorded in Afar region since 1988 and was recurring within an average of 10 years interval. However, pastoralists agreed during group discussion that drought occurred almost every year and the number of households being affected increased yearly since the last few decades. Feed and water shortage, drought, diseases, encroachment of bush to grazing lands, predator, robbery, conflict, flood, shortage of veterinary services and market problem were also mentioned as major constraints of cattle production in the region (Table 9) .
Pastoralists recognized different seasons of feed shortage in the region, though variable responses were given for critical periods. In this regard, some (40.8%) of them prioritized hagay (hot dry season), and some others (20.1%) prioritized gilal (dry season), while the remaining (31.3%) mentioned both gilal and hagay as the seasons with worst conditions.
Cattle diseases problems:
Cattle producers listed a number of economically important cattle diseases in the three districts, and ranked them according to their importance (Table 10 ). In overall, Guduf (lumpy skin disease), Fira (Anthrax) and Mesengeli (pneumonia due to pastuerollsis) with an index value of 0.323, 0.173 and 0.118 were ranked as first, second and third major prevalent diseases, respectively. Accordingly, the result indicated that Guduf was the first prevalent diseases in Aysaita distict with an index value of 0.781, though it was the third prevalent diseases in Chifra and Amibara districts with index values of 0.051 and 0.119, respectively. Fira, Gubulo (Contageous Bovine Pleuro Pneumonia) and Migeda (anthrax/Sudden death) with an index values of 0.422, 0.242 and 0.095 were ranked as first, second and third major prevalent diseases in Chifra district, respectively. Furthermore, Asdaho (Baberiosis), kida (unidentified), andero (Trypanososmosis), agara (Mange mites), noke (paralysis/Tetanus), abeb (foot and mouth disease), kilime (tick infestation) and kirbi (Fasciolosis) were other diseases mentioned by the respondents.
Most of the respondents relied on government veterinary services, though the services were not sufficient and sustainable. The drugs supplied by the district agricultural bureau to the local clinics were not enough, especially during the occurrence of disease outbreak. As a result, pastoralists of the study area bought drugs from private veterinary drug suppliers with expensive prices. Sometimes, drugs purchased from the local market were poor in quality or totally expired, as discussed by the group.
Conclusion
As common to most pastoral areas of Ethiopia, grazing was the major feeding system practiced by these communities. River is the main source of water supply for animals in these areas. Most of the producers followed uncontrolled natural mating system. Most cattle producers sold their cattle to earn additional income, to replace old stock and/or to buy school materials for their children. Market areas were generally far in all of the study districts. Cattle were sold depending on their age and sex. Most respondents sold male cattle at younger age and female cattle at old age. In this study, lumpy skin disease, sudden death and pneumonia were mentioned as major cattle diseases in the area.
The constraints of cattle production system of sample households in the study area were feed shortage, water shortage, drought, diseases, encroachment of grazing land by bush/weed, predator, theft, conflict, flood, shortage of veterinary services and market problems. This study revealed that resources, cattle breeds and market availability can be considered as important opportunities of cattle production in the region though limiting constraints like feed shortage, diseases and drought are possible challenges.
Considering the huge cattle potential of the region; milk and meat production capacity of Afar cattle breed need to be scientifically studied to know the genetic potential and further improvement of the breed, technologies in feeds and nutrition need to be generated to make better use of male cattle obtained from continuous culling process. The promotion and scaling up of proved forage production should be encouraged to solve the problem of seasonal feed shortage in the area. Training and extension advices should be regularly given to producers in the management and marketing of cattle to gain better from the resources. Cattle diseases should be well studied in depth to devise their control and prevention strategies in the region. There is the need to develop strategies by the government for the establishment of intensive cattle production in the region, either for domestic consumption or foreign market competition.
